Curcuma cf. amada Roxb., also known as En-Lueang in Thailand, belongs to the Zingiberaceae family and grows from rhizomes. These rhizomes have been used in the Thai and Ayurveda systems of medicine. However, to our knowledge, no biologically active compounds isolated from En-Lueang have been reported. In this study, natural compounds were isolated from En-Lueang and their structures were determined by spectroscopic methods. The two isolated compounds were identified as zederone (1) and zedoarondiol (2) and their cytotoxicities against KG1a cells were investigated. The EtOH extract and EtOAc fraction showed stronger cytotoxic activity than n-hexane fraction against KG1a cells. In contrast, compound 1 showed strong cytotoxicity against KG1a cells, but low cytotoxicity toward normal peripheral blood mononuclear cells (PBMCs). Moreover, all the extracts and 1 had no effect on red blood cell hemolysis. The antioxidant properties of 1 were almost 2-fold higher than that of 2, in accordance with its total phenolic content of 8.8 mg/g, which is 2-fold higher than that of 2 (4.1 mg/g). In summary, two sesquiterpene compounds with leukemic cytotoxicity activity against the KG1a cell line were identified in En-Lueang extracts.
Medicinal plants are natural resources long used in Thailand as functional foods and traditional medicines. Most medicinal plants are inexpensive and locally easy to find and are safe with minimal side effects. Medicinal plants were historically used to cure diseases using a trial and error approach. Plants shown to be effective were used as an ingredient in folk medicine or traditional medicine, commonly by boiling with water or macerating in ethyl alcohol. Many compounds from medicinal plants and herbs have recently been studied scientifically, supporting the folk wisdom of our ancestors.
Thai medicinal plants exhibiting high biological activities include turmeric, ginger, galanga, kaffir lime, lemon grass, chili, betel vine, and En-Lueang. For example, the inhibitory effects of active compounds from Thai medicinal plants towards the proliferation of leukemic cells via WT1 gene expression were previously reported by the author's group [1] [2] [3] . Specifically, three curcuminoids affected cell viability and proliferation in the leukemia cell lines, K562, U937, and HL60 [1] , and turmeric curcumin suppressed WT1 gene expression in both patient leukemic cells [2] and four leukemic cell lines (K562, Molt4, HL60, and U937) [3] . Moreover, Semsri and co-workers [4] reported that pure curcumin affected WT1 protein-promoter binding and decreased WT1 mRNA and protein levels by inhibiting PI 3 K, PKC  , and JNK signalling in K562 cells.
The plant called En-Lueang in Thailand (also known as Curcuma cf. amada Roxb.) is used as a cut flower and as an ornamental shrub. En-Lueang grows from rhizomes that have thick dense roots. The plant requires hot temperatures and at least 12 hours of daylight to grow. En-Lueang has a long tradition of use in the Thai and Ayurveda systems of medicine. The rhizome is used medicinally by boiling, cleaning, and drying to yield a yellow powder. The size of the rhizome and the number of buds determines the speed at which the plant develops. The plant belongs to the Zingiberaceae family, as does turmeric (Curcuma longa Linn.). Despite the long history of use for medical treatment, to our knowledge, the active constituents of En-Lueang remain unknown and its active phytochemical compounds and their anticancer activities have not been reported. The goals of this study were to purify and characterize natural products isolated from En-Lueang crude ethanol (EtOH) extract and from n-hexane and ethyl acetate (EtOAc) fractional extracts. The natural products were identified as zederone (1) [5] and zedoarondiol (2) , shown in Figure 1 [6, 7] . We investigated the cytotoxicities of 1 and 2 in a leukemic cell line and in peripheral blood mononuclear cells (PBMCs), as well as their antioxidant and hemolysis properties. The EtOH extract, EtOAc fraction, and n-hexane fraction were examined for their cytotoxic activities against KG1a leukemic stem cells (LSCs) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and the cytotoxicities of these extracts and fractions are shown in Figure 2 . The EtOH extract and EtOAc fraction showed stronger cytotoxic activity than did the n-hexane fractions at 48 h, with 50% inhibitory concentration (IC 50 ) values of 28.1 and 28.4 µg/mL, respectively (Figures 2A and 2B ), compared to 44.4 g/mL for the n-hexane fraction ( Figure 2C ).
The cytotoxicities of zederone 1 and zedoarondiol 2 towards KG1a cells were examined by the MTT assay. Compound 1 provided an IC 50 value of 56.8 g/mL ( Figure 2D ), whereas compound 2 showed no appreciable cytotoxicity against KG1a cells (IC 50 values >100 g/mL, Figure 2E ). This result was consistent with one previous report of the cytoxicity of zedoarondiol 2 isolated from Mah-Lueang (Curcuma cf. viridiflora Roxb.) (IC 50 value of >100 g/mL against KG-1a cells and an IC 50 value of 77.6 g/mL when tested against Molt4 cells) [8] . However, the IC 50 value of 2 against Molt4 cells was lower than that previously reported for vincristine (a chemotherapeutic drug for leukemia), which gave an IC 50 value of 0.63 ng/mL [9] . The previously reported IC 50 values of doxorubicin (adriamycin) against KG1a and Molt4 cells were 0.65 and 0.46 µg/mL, respectively [8] . Thus, the cytotoxicity of doxorubicin against KG1a is 87-fold stronger than that of compound 1 [8] . In this study, we compared the activity of doxorubicin to that of the two isolated compounds 1 and 2. Zedoarondiol 2 was reported to be cytotoxic towards the KB, MCF-7, and NCI-H187 cell lines, with IC 50 values > 50 g/mL [7] .
Leukemic stem cells (LSCs) are derived from genetically abnormal hematopoietic cell clones and are biologically distinct from most cells found in a typical leukemia patient. These cells can undergo self-renewal and are multipotent and highly proliferative. The origin of LSCs has been the subject of considerable recent research [10] . LSCs frequently cause relapse in leukemia patients. Our current findings show that compounds from En-Lueang exhibit activity against the KG1a leukemic cell line, with zederone 1 being the most promising of the tested compounds.
Crude EtOH extract, EtOAc fraction, n-hexane fraction, and compound 1 were further examined for their effects on normal peripheral blood mononuclear cells (PBMCs) isolated from blood collected from three healthy volunteers. Compound 2 was not further investigated due to its non-cytotoxicity toward KG1a cells.
The IC 50 values of these four samples towards PBMCs showed less cytotoxicity as compared to KG-1a cells, with IC 50 values of 61.3, 41.5, 61.7, and >75 µg/mL, respectively, for crude EtOH, EtOAc fraction, n-hexane fraction, and compound 1 (Figures 3A-3D) . The non-cytotoxic (IC 20 value) dose is important for cancer treatment to avoid potential side effects which may occur after treatment. The IC 20 values of crude EtOH, EtOAc fraction, n-hexane fraction, and compound 1 were 14.3, 13.4, 22.3, and 17.9 µg/mL, respectively. Thus, this study shows that a lower treatment dose of crude EtOH extract, EtOAc fraction, n-hexane fraction, and compound 1 exhibited cytotoxicity against leukemic stem cells (KG-1a) but had no effect on normal blood cells (PBMCs). In particular, compound 1 is safe for use at concentrations up to at least 75 µg/mL.
Hemolysis is the destruction of red blood cells less than 120 days old (their typical lifespan) and can cause hemolytic anemia. Hemolysis is caused by drugs or toxins in the body, blood disorders, or infection, and thus, the effects of crude extracts, fractions, and purified compound extracts on red blood cell hemolysis should be determined before prior to use in humans. A red blood cell hemolysis assay was performed to determine the effects of crude EtOH extract, EtOAc fraction, n-hexane fraction, and compound 1 on red blood cells. A 0.05% Triton X100 and 0.9% normal saline solution were used as positive (100% hemolysis) and negative controls (0% hemolysis). Table 1 shows the effect of crude EtOH extract, EtOAc fraction, n-hexane fraction, and compound 1, each at concentrations of 25, 50, and 75 µg/mL, on red blood cell hemolysis. Interestingly, only the n-hexane fraction at concentration of 75 µg/mL showed slightly (27.1%) hemolysis; the crude EtOH extract, EtOAc fraction, n-hexane fraction, and compound 1 resulted in less than 5% hemolysis, suggesting that they are not hemolytic agents.
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The antioxidant properties of several Thai plants have been reported [11] , but not of En-Lueang. We therefore investigated the antioxidant properties of the crude EtOH extract and compounds 1 and 2 from En-Lueang using butylated hydroxytoluene (BHT) as a positive control. The 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) assay was used to test the free radical-scavenging activities of the extracts and compounds because this method can measure the antioxidant activities of a wide range of test substances, aqueous and non-aqueous miscible samples [12] . The results of this assay were expressed as Trolox equivalent antioxidant capacity (TEAC) values. In addition, the ferric reducing antioxidant power (FRAP) method was used to investigate the reducing powers of the test samples and the results were expressed as EC values (the concentration of a sample providing ferric reduction equivalent to that of 1 mM FeSO 4 ). The antioxidants found in plants are phenolic compounds [13, 14] . The results shown in Table 2 indicate that En-Lueang extracts possess antioxidant activity, with the activity and total phenolic content of the crude EtOH extract being higher than that of the two isolated compounds, likely due to the additive or synergistic effects of compounds in the extract [15] . A comparison of the results obtained for compounds 1 and 2 shows that compound 1 exhibits higher antioxidant activity than compound 2. The TEAC and equilibrium concentration (EC) values of compound 1 are almost 2-fold higher than that of compound 2. It is considered that this is due to the significantly higher total phenolic content of compound 1 with the GAE value of 8.8 mg/g, which is 2-fold higher than that of compound 2 with the GAE of 4.1 mg/g. In conclusion, two natural products were isolated from EtOAc and n-hexane fractions of En-Lueang. The chemical structures of the two compounds isolated from the n-hexane and EtOAc fractions were identified as sesquiterpenes zederone 1 and zedoarondiol 2, respectively. Compound 1 was found to exert cytotoxic and antihemolytic activities, and its antioxidant properties were almost 2-fold higher than that of zedoarondiol 2.
Experimental
Rhizomes of En-Lueang (1.2 kg dry weight) were treated with EtOH to extract organic compounds. Removal of the solvent afforded the EtOH extract in 9.0% (108 g). A portion of this extract (20 g) was then dissolved in EtOH and sequentially partitioned with n-hexane, EtOAc, and water. The dry weight yields of the n-hexane, EtOAc, and water fractions were 9.86 g (49.3%), 10.75 g (53.8%), and 1.53 g (7.6%), respectively. The EtOAc and n-hexane fractions were further purified to obtain compounds while the water fraction was not further purified because of its low yield.
The n-hexane fraction (3.0 g) was first separated by column chromatography with silica gel 60N (spherical, neutral) as the stationary phase. The gradient liquid phases were n-hexane and EtOAc at the ratios of 97. The EtOAc fraction (3.0 g) was also purified by column chromatography using silica gel 60N (spherical, neutral) as the stationary phase. The mobile phases were n-hexane and EtOAc at various ratios (1:1, 1:2, and 1:5). Samples (15 mL/tube) were collected and screened by TLC, as described above for the n-hexane fraction purification. The pooled samples were examined by TLC again. The results showed that there was only one compound (No.
2) in the column chromatography fractions, forming one clear TLC spot. The dry weight and percent yield of pooled fraction No. 2 was 100.9 mg and 3.13%, respectively. The fraction No. 2 was the main compound in the EtOAc fraction.
The two compounds, 1 and 2, isolated from En-Lueang, were identified as zederone (1) [5] and zedoarondiol (2) [6, 7] , respectively, via spectroscopic analyses, including infrared (IR) spectroscopy, mass spectrometry (MS), and 1 H and 13 C nuclear magnetic resonance (NMR) with comparison to those reported in the literature. Two-dimensional NMR measurements, such as correlation spectroscopy (COSY), heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond correlation (HMBC) also supported the identifications ( Figures. S1-S12 ).
Supplementary data: NMR data of compounds 1 and 2 can be found in the online version.
